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Reconstructing the annual precipitation variation
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Hedong sandy land of Ningxia
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Abstract: Based on the analysis of the correlation between the tree-ring width of Pinus tabulaeformis and
the climate factors in the western Hedong sandy land of Ningxia, a conversion equation between the annual
precipitation and the tree-ring width since 1899 was reconstructed. The results of cross verification indicated that the conversion equation is stable and the reconstructed results are reliable. The result of reconstructed annual precipitation showed the remarkable fluctuation of precipitation and dry-to-wet variation
before the 1940s. The smaller fluctuation and high frequent changes of precipitation occurred during the
period of 1940s−1980s and after the 1980s the change trend of the precipitation became high periodic
extent and low frequent. The study found that there were some coincidences with the climate change in
Changling Mountains, Helan Mountains and the east of Qilian Mountains. The relatively dry periods in the
beginning of 20th century, 1920s to 1930s, the end of the 20th century and 2004 to 2006 in the western
Hedong sandy land of Ningxia accelerated the desertification, while the relatively humid period during the
periods of the 1910s−1920s, 1930s−1940s and 1990s is favorable to prevent and control the desertification,
and to weaken the climate warming and drying. The periods of annual precipitation variation in the western
Hedong sandy land of Ningxia since 1899 are approximately 2−4 years, 5−7 years and 10 years.
Keywords: Hedong sandy land of Ningxia; tree-ring width; annual precipitation; correlation
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Introduction

In the natural world, the place where marginal phenomena happen is often a sensitive region in response
to global environmental changes, and is also a key
area of global environmental changes (Li et al., 2006).
Monsoon margin areas of China is just such a region
with ecological vulnerability and climate sensitivity
where desert connects with loess, farming−pastoral
region (Xu and Qian, 2003). Based on the loess deposits, lake sediments, and the organisms there, many
researchers have studied the ancient climate, the evolution of ancient environment and the regional response to global climate change (Dong et al., 1988;
Gao et al., 2001; Sun et al., 2007; Zhang et al., 2008),
established sequences of environmental changes, and
obtained valuable scientific theories. Compared with
other information carriers, tree-rings have the advantages of high resolving power (annual or seasonal),

strong continuity, and accuracy in deciding the year,
and have been highly valued in the research of global
climate changes in the past. Hedong sandy land of
Ningxia is located in the northwest of China's monsoon margin areas where underlying ground surface
conditions are special, mainly desert or semi-desertification (Li et al., 2002). The study of the response of
the tree growth to climatic changes, the reconstruction
of sequence of past climatic evolution, the analysis of
the relationship between climatic changes of historical
periods and land desertification in Ningxia, have important referential value for understanding the climatic
evolution of the monsoon marginal areas, and for preventing desertification, sandstorms and other problems
in Ningxia.
Received 2010-08-18, accepted 2010-09-07
doi: 10.3724/SP.J.1227.2010.00286
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Study area

Luoshan Mountains (Mts.), where the samples were
collected, is located in Hedong sandy land in central
Ningxia, and is one of the three main natural forest
areas of Ningxia (the other two being the Helan
Mountains and Liupan Mountains) (Fig. 1). The average elevation of Luoshan Mts. is 2,000 m and the
length from the north to the south is about 16 km and
the width from the east to the west is about 7.5 km.
The main peak of Luoshan Mts., Haohangeda is
2,624.5 m above sea level, with a relative height of
1,065 m. Luoshan Mts. has a dry continental climate,
with ample sunshine, arid weather and strong evaporation (Xu and Xie, 1999), making the natural conditions
harsh. The zonal vegetation is desert steppe, and the
vertical distribution of vegetation’s zonal spectrum is
distinct. With the raise of elevation, the vegetation
changes from desert grassland to shrubs, broad-leaf
forest, conifer-broadleaf forest and then conifer forest.
As Luoshan Mts. is a natural reserve, the growth of
trees is relatively less disturbed by human activities,
and as the sampling point is in the western semi-arid
area of Loess Plateau, with relatively less precipitation,
the growth of trees is sensitive to climatic changes.

Fig. 1 Location of the study area and distribution of sampling site

3 Methods
3.1 Tree-ring data
Tree-ring samples were collected in early June 2008 in
Luoshan Mountains Nature Reserve. The landscape of
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the first sampling site (37°19'N, 106°16'E, 2,300 m a.
s. l.) is with a simple structure of community and steep
terrain, in the slope of 50°−60°. The trees are in height
of 15−20 m, with the constructive species of Pinus
tabulaeformis, and underneath the trees shrub layer,
herb layer and moss layer are underdeveloped. In the
forest, the humidity was low, and undecomposed needles were still piled on the ground. Within the range of
20 m height in the semi-shade along the ridge line, 20
trees of Pinus tabulaeformis were collected and two
tree cores for each tree were taken from different directions. The terrain of second sampling site (37°18'N,
106°16'E, 2,400 m a. s. l.) had a relatively gentle slope
of 30°−40°, and the interior of forest was relatively
humid. The trees were 15 m to 20 m in height, with
the constructive species of Pinus tabulaeformis and
Picea crassifolia, and many plant species of shrub
layer and herb layer were underneath the trees. The
ground layer was well developed, with a small accumulation of needles. Also, 20 trees of Pinus tabulaeformis in the semi-shade slope were collected and two
tree cores for each tree were taken from different directions.
3.2 Processing of the tree-ring data and the establishment of chronology
In accordance with the basic procedures of tree-ring
analysis (Fritts, 1976), first, the tree-ring samples were
dried in the air, fixed and polished. The date of the
tree-ring was preliminarily measured by eye to check
for possible false rings and missing rings. Then the
tree-ring width was measured using measuring meter
of tree-ring width (LINTAB) with the resolution of
0.01 mm. The results of cross dating and measurement
were tested using COFECHA procedures, to judge the
differences between the main sequence and each sequence. Then, the sample cores with smaller correlation coefficient with the main sequence and more singularities were deleted, providing the basis for the
correct selection of each sequence to enter the final
chronology. Finally, using a computer program
ARSTAN, the tree-ring width index sequence was established, with a negative exponential function or
spline function fitting the growth trend of trees, removing growth trends produced by their own genetic
factor and growing trend caused by interference com-
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petition between trees, highlighting the role of climate
limiting factors. After the repeated trials and comparisons, the negative exponential function was used in
this paper to fit tree growth trends, and residual chronologies (RES) of two sampling sites were established.
The statistics of chronologies and common interval
analysis are shown in Table 1.
Table 1 Statistics of chronologies and common interval analysis
of chronologies
Items

Lower limit

Upper limit

Chronology interval (years)

1896−2007

1900−2007

Average sensitivity (MS)

0.341

0.281

First-order autocorrelation coefficient
(AC)

−0.157

0.103

Common interval (years)

Vol. 2

cipal component in total variance. Tree-ring theory
generally believes that higher values of MS, R1, R2, R3,
SNR and EPS indicate that the samples selected can
better represent the growth characteristics of the tree
population in corresponding regions, thus being better
representative of the population, and containing more
population signals of tree growth, and more environmental information contained in the analysis indicates
stronger influence by environmental factors. The index
values are relatively high, indicating that the sample
sequence is relatively representative, which is able to
reflect the growth characteristics of the tree population,
and the established chronology contains more information on climate change (Table 1). The index values
also indicate an obvious hysteretic effect of the trees’
early growth.
The tree-ring width chronology obtained by averaging two samples of tree-ring width indices represents the trend of tree-ring width in Luoshan Mts.
(Fig. 2).

1967−2002

1967−2002

The average correlation coefficient of
all samples (R1)

0.629

0.575

The average correlation coefficient
between trees (R2)

0.625

0.571

The average correlation coefficient
within trees (R3)

0.814

0.744

Signal to noise ratio (SNR)

30.030

26.635

3.3 Climatic factors

Agreement with the population chronology (EPS)

0.968

0.964

Percentage of the first principal component in the total variance (PCl)

64.84

59.60

According to the principle that sampling sites should
belong to the same climate zone with, and be close to,
the meteorological stations and to seek the correlation
between the tree-ring width index and the climatic
factors, we used the data of monthly average temperature and monthly total precipitation between 1955 and
2005 obtained from Tongxin Weather Station (36°59'N,
105°54'E, 1,345 m a. s. l.) and Zhongning Weather
Station (37°29'N, 105°40'E, 1,185 m a. s. l.) in
Ningxia Hedong sandy land. Mann-Kandell test of the
meteorological data (Fu and Wang, 1992), combined
with sliding t-test (Fu and Wang, 1992), found that the
changes in temperature and precipitation series were
relatively homogeneous with no remarkable break,
representative of actual changes in the natural world.

In Table 1, MS is average sensitivity of trees responding to climatic factors; AC is first-order autocorrelation coefficient, reflecting the effect of tree
growth in a particular year on the growth of the next
year in the sequence; R1 is average correlation coefficient between all the samples; R2 is the average correlation coefficient between different trees; R3 is the
average correlation coefficient between different samples of the same tree; SNR stands for signal-noise ratio; EPS stands for the signal of the sample in the
population, and PC1 is the percentage of the first prin-

Fig. 2

Tree-ring width chronology
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The climate factor sequence obtained by averaging
monthly average temperature and precipitation of the
two stations over the years is representative of climate
change factors in the western Hedong sandy land in
Ningxia, which shows that the annual precipitation
was 240.6 mm. The precipitation from June to August
was 61 mm, which accounts for 58% of the annual
precipitation, most in August, and the average temperature of a year was 9.2°C, with the highest temperature in July, average 23°C. In tree-ring climatological analysis, climate factors include monthly
average temperature and precipitation in 13 months
from September of this year to september of next year.

cipitation in the late growing season of the previous
year made nutrients accumulates in the trees and soil
moisture be conserved, providing good conditions for
the growth of trees in the coming year (Sang et al.,
2007). Spring is the season in which trees begin to
grow and wood is formed, and the width of spring
wood accounts for a large part of the tree-ring width in
a year (accounting for 3/4 to 4/5 of the ring width of
the year) (Fan et al., 2007). If there is more precipitation in the spring, the decomposition of tree’s cells is
faster and the cells are larger and bulkier, beneficial to
the formation of wider rings; otherwise, narrow rings
are formed. In the arid northwest region where there
were enough sunshine and heat conditions, the amount
of precipitation restricts the growth of trees, so the
tree-ring width index sequence is significantly positively correlated with the annual precipitation which
has a clear physiological significance.
The results of the correlation between tree-ring
width index sequence and the temperature from the
previous September to August of the ring year showed
that tree-ring width had a negative correlation with
temperature in most months, that is, a high temperature was not beneficial to tree growth, and the correlation was significantly negative with the temperature in
May, July, August, up to 95% confidence interval for
the relevant inspection. It can be seen that under a
high temperature in the study area, the plant transpiration and soil water evaporation were intense, detrimental to the maintenance of surface water. The decrease of soil moisture might exacerbate the water
stress of trees, thereby limiting the growth of trees (Jin
et al., 2005), and resulted in the narrow rings.
According to the analysis above, the radial growth
of trees is directly limited by precipitation and indirectly effected by temperature and has a greater correlation coefficient and more significant correlation with
annual precipitation.

4 Results and discussion
4.1 Response of tree growth in Luoshan Mts. to
climate factors
Before extracting information on climate change from
tree-ring width index series, we must first make clear
the limiting factors to which the tree is subjected during the process of tree growth, and discuss the history
of past climate changes using tree-ring series as a representative for the limiting factors.
Table 2 is the analysis, with SPSS software (Wu et
al., 2001), of correlation between tree-ring width index series and monthly temperature and monthly precipitation from 1955 to 2005.
The results of the correlation between tree-ring
width index sequence and the precipitation from the
previous September to August of the ring year showed
that except for the previous November, December, and
February of the ring year, the tree-ring width had a
positive correlation with the precipitation in most
months, that is, more precipitation benefited tree
growth. The tree-ring width had a significant positive
correlation with precipitation in the previous September, in March and May of the ring year. Plenty of preTable 2
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Correlation coefficients between ring width indices and climate factors
Months

Climate
factors

P−9

P−10

P−11

P−12

1

2

3

Precipitation

0.467**

0.124

−0.004

−0.102

0.026

−0.027

0.338*

Temperature

−0.225

−0.156

0.005

−0.144

−0.063

0.015

−0.167

4

5

6

7

8

9

P−9 to 8

0.121

0.367**

0.254

0.073

0.264

−0.104

0.535**

0.039

−0.276*

−0.192

−0.335*

−0.342*

−0.160

−0.238*

Correlation coefficients

Note: P−9 refers to the previous September; P−9 to 8 means from the previous September to August of the ring year, ** indicates significance at P < 0.01; *
indicates significance at P < 0.05.
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changes of annual precipitation were the same.
The stability of the transformation equation (Fritts,
1976) was verified by the elimination methods of year
after year, including the sign test, the product mean
value, the reduction error, and correlation coefficient
(Table 3).

4.2 Establishment of the conversion equation between tree-ring width index and annual precipitation
Logarithmic transformation of the precipitation sequence was calculated according to the reconstructing
precipitation during the past years based on tree-ring
width index sequence (Shao et al., 2006), and then the
linear regression equation was used as a transfer function and the tree-ring width index of the same year
was used as a predicting factor in the reconstruction.
Multiple correlation coefficient (R) of the conversion equation of tree-ring width index sequence and
the annual precipitation is 0.561, explained 31.5%
variance of the amount, after AN adjustment the variance is 30.0%, and the value of F test is 22.042, which
indicates the significance of the established conversion
equation.
It can be seen that the tree-ring width index very
well reflects the trend of annual precipitation changes
in the last 50 years (Fig. 3), but there is a significant
difference between the reconstructed sequence and
sequence of annual variation observed in some individual years. For example, in 1982 there was very little actual precipitation, only 103 mm, and then the
tree-rings were not narrow. This result also occurred
on Changling Mountains (Gao et al., 2006) in the
same year. Meteorological records showed that the
drought lasted from spring to summer in 1982, with
the precipitation far less than that in 1981 and 1983,
but the precipitation was relatively high in the fall of
1981. In terms of tree physiology, the precipitation of
the previous year (for example in September and October), exists hysteresis to the growth of trees next
year. Therefore, the initial analysis suggested that the
tree-ring width depended on the nutrition stored in the
fall of previous year (1981) despite the relatively poor
growing conditions in spring of 1982. Trees might also
grow relatively faster, so the formed tree-ring was not
narrow. Although a difference exits between the reconstruction values of individual years and measured
values, the trend of reconstructed sequence and
Table 3
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Fig. 3 The comparison between the observed and the reconstructed annual precipitation (1955−2005)

Sign test shows the agreement between signs of
minus of the reconstructed series and the observed one
with the mean value of the observed one which shows
the two series change identically in the low frequency.
Sign test of the first order shows the agreement between signs of minus of the reconstructed series and
the observed one with the mean value, which shows
the two series change identically in the high frequency
(annual change). The following numbers in the bracket
represent the significance of 95% and 99%, respectively. The values of sign test of the first order and
sign test achieve the significance of 99%, which
shows the two series change identically in the low and
high frequencies. The product mean value is 2.03,
which suggests that there is no significant difference
in the value of the same or different sign years between the reconstructed and observed series. The reconstructed series approaches the observed one. The
reduction error (RE) is a statistics sensitively affected
by some extremes (Fritts, 1976). RE in this study site
is 0.26, which shows the good similarity between the
reconstructed series and the observed one. All the test
results suggest the transformation equation is stable
and the reconstructed results are reliable.

Parameters tested by cross verification

Sign test

Sign test of the first-order

The product mean value

The reduction error (RE)

Correlation coefficient

36 (33, 35)

37 (32, 34)

2.03

0.26

0.51
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4.3 Annual precipitation variation since 1899
When the coefficient of sub-sample signal strength,
Csss ≥ 0.85, the chronology established is reliable
(Wigleyt et al., 1984). In this study, the reliable interval reconstructed corresponding to Csss > 0.85 is from
1899 to 2007, so the precipitation over the past 110
years can be reconstructed (Fig. 4). Since 1899
dry-wet (DW) changes in the western Hedong sandy
land in Ningxia have been in high frequency, and annual DW changes were apparent. Before the 1940s,
the fluctuation of precipitation was large, and DW
changes were significant between these years. From
the 1940s to 1980s the fluctuations of precipitation
became smaller and the frequency increased, but after
the 1980s, again, the fluctuation increased and the
frequency decreased.
If the value of precipitation abnormity is below 0,
standing for relatively dry period, above 0, a relatively
humid period, then these years before the 1940s,
1910s, and 1920s to the early 1930s were relatively dry
periods, and the early 20 century, the late 1910s, around
the 1930s and 1940s were more humid periods. Since
the 1980s, relatively humid periods were the 1980s
and 1990s and relatively dry periods were the end of
the 20 century and the beginning of the 21 century.
The annual precipitation used in the analysis is the
total precipitation from previous September to August
of the ring year. To test the representativeness of these
months to annual precipitation (January to December),
the correlation coefficient between these months and
annual precipitation is calculated. The result is 0.910,
which shows that the annual precipitation used in this
study can represent the general sense of the annual

Fig. 4
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precipitation.
The reconstructed trend of DW changes of precipitation in western Hedong sandy land based on
tree-ring width is in good agreement with the variation
of precipitation in Changling Mountains. Both taking
the 1940s as a limit, the precipitation fluctuations became large before that time and smaller but high frequency after that time. The drought period of the
1920s to the early 1930s and the humid periods of the
1930s to the 1940s and 1990s were basically in
agreement with the drying period and the wet periods
in the eastern Qilian Mountains (Gou et al., 2001) and
the DW changes from May to July in the Helan
Mountains (Ma et al., 2003), only with some difference in beginning and ending time and duration. In
addition, the Helan Mountains was in dry period during the period of 1954−1971, but the west part of Hedong sandy land was in a stage of alternation between
dry and wet periods, which may be the reason that the
reconstruction of climate elements correlates with the
length of the time, for the reconstructed precipitation
of the Helan Mountains is from May to July, but the
reconstructed precipitation in this paper is from the
previous September to August of the ring year. It can
be seen that there is some synchronization between the
precipitation variation in the western Hedong sandy
land and the evolution of climate in the surrounding
areas.
The drought during the period of 1999−2001 was
relatively intense. From September 1999 to earlier
June in 2000, there was no available precipitation in
most parts of Ningxia, less than 5% of the precipitation over the same periods in normal years, being one

The tendency of precipitation change and the average fluctuation with 3 years since 1899
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of the widest and longest dry periods of this area (Liang et al., 2007), corresponding to the period with the
lowest vegetation index value in a year in the southern
edge of Tengger Desert and Mu Us Desert, and to the
period of high incidence of dust storms in the whole
northern China (Ma et al., 2006). The drought during
the period of 2004−2006 was serious. The precipitation in the 15 months from September 2004 to November 2005 was most serious over the same period in
Helan, Yinchuan, Qingtongxia, Zhongwei, Zhongning,
Mahuang Mountain, Tongxin, and Weizhou regions.
The precipitation was decreased by 5 to 7 percent
compared with the same period in the past years (Yang
et al., 2006). This result consists with the relatively
dry period from 2004 to 2006 reflected in the sequence reconstructed, showing that the precipitation
sequence reconstructed can, to a certain extent, represent the history of DW evolution of the study area.
Desertification is mainly affected by climate change.
When the climate becomes dry, the desertification develops, and when the climate is wet, desertification
will be reversed (Dong et al., 1988; Gao et al., 2001).
According to the precipitation variation in recent 110
years in western Hedong sandy land in Ningxia, it can
be inferred that the relatively dry periods in the 1910s,
the 1920s to the early 1930s, towards the end of the 20
century and from 2004 to 2006, quickening the expansion of the scope of desertification, which also gave
adverse effects to the control of desertification. The
relatively humid periods at the beginning of the 20
century, in the late 1910s, from the 1930s to 1940s,
and in the 1980s and 1990s slowed, to some extent,

Fig. 5
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the warming and drying trend, conducive to narrowing
the scope of desertification.
To reveal the periodic time domain characteristics
of precipitation change in western Hedong sandy land
in last 110 years, the Mexican hat wavelet analysis of
the whole period and each 30 years was carried out
(Tang and Feng, 2007). The results (Fig. 5) showed
that the annual precipitation in western Hedong sandy
land in Ningxia was mainly in the cycles of 2−4 years
and 11−13 years during the period of 1899−1930, 2−4
years and 5−7 years during the period of 1931−1960,
2−4 years during the period of 1961−1990, 2−4 years,
5−7 years and 8−10 years after 1991, and mainly in
the cycles of 2−4 years and 5−7 years, and then also of
10 years, within the whole period of 110 years. Combining singular spectrum analysis with wavelet analysis of the whole period, it can be found that the precipitation in the 110 years was in cycles of 2−4 years,
5−7 years, and of 10 years. The cycle of 2−4 years is
in agreement with the main precipitation cycle in
northwest China (Xu and Dong, 1982), and basically
consistent with the usual meteorological fluctuation of
two years and close to the cycle of Arctic Oscillation
Index high frequency change (Yu et al., 2005). The
cycle of 5−7 years corresponds to the cycle of EI Niño-Southern Oscillation (ENSO); the cycle of 10 years
is consistent with the cycle of precipitation from May
to July in Helan Mountains, and with the cycle of the
spring precipitation in the middle Qilian Mountains
(Wang et al., 2001), which may be correlated with the
sunspot activity.

Wavelet analysis of the reconstructed annual precipitation for the past 110 years in western Hedong sandy land of Ningxia
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5 Conclusions
Tree growth in arid and semi arid areas are sensitive to
precipitation (Gou et al., 2001; Wang et al., 2001;
Shao et al., 2004; Gao et al., 2006; Yang et al., 2006).
In this paper, the tree-ring width chronology of the
western Hedong sandy land in Ningxia was established, and then the response of tree’s radial growth to
the change of climate factors was analyzed, and the
sequence of precipitation variation since 1899 was
reconstructed, and the conclusions are:
(1) The tree-ring width of the western Hedong
sandy land has significantly positive correlation with
the precipitation in the previous September, March
and May of the ring year, and has positive correlation
with the whole annual precipitation.
(2) In last 110 years, the frequency of dry-wet (DW)
changes in the western Hedong sandy land in Ningxia
was high and the annual DW changes were apparent.
Before the 1940s, the fluctuation of precipitation was
high, and DW changes were significant between years.
From the 1940s to 1980s the fluctuations of precipitation became small but the frequency increased, then
after the 1980s, the fluctuation increased but the frequency decreased.
(3) There are some common characteristics of the
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precipitation variation between the reconstructed and
measured precipitation in Changling Mountains, Helan
Mountains and the east of Qilian Mountains, indicating that there is some synchronization between the
precipitation variation in the western Hedong sandy
land and the climate evolution of the surrounding areas.
(4) The relatively dry periods of the 1910s, the
1920s to early 1930s, towards the end of the 20 century and 2004 to 2006, quickened the expansion of
desertification, which also gave adverse effects to the
control of desertification. The relatively humid periods
at the beginning of the 20 century, in the late 1910s,
the 1930s to 1940s, and in the 1980s and 1990s, to
some extent, slowed the warming and drying trend,
beneficial to the desertification restoration.
(5) Wavelet analysis shows that the periods of annual precipitation in the western Hedong sandy land of
Ningxia after 1899 were mainly 2−4 years, 5−7 years
and 10 years.
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A brief introduction of a book, Environments of Gurbantünggüt Desert
A book, Environments of Gurbantünggüt Desert, written by Professor Qian Yibing et al., from Xinjiang Institute
of Ecology and Geography, Chinese Academy of Sciences, and Wu Zhaoning from Xinjiang University, has been
published by Science Press in July of 2010. The Gurbantünggüt Desert, located in the semi-closed Junggar Basin
of Xinjiang in China, is the largest stable and semi-stable sand desert (5.113×104 km2) and only one impacted by
cold and wet air currents from the Atlantic Ocean in China. The desert is also a typical region with abundant plant
species and gene resources. Knowing the environmental characteristics of the desert is beneficial to going deep
into understanding the sandy desert regions or arid regions of the western China as well as the Central Asia. Professor Qian et al., based on field investigations and observations, and laboratory analyses and data processing for
over 20 years, made an integrating study as well as a comprehensive and systemic summary, and finished this
scientific book, Environments of Gurbantünggüt Desert. The book will play an important role in
eco-environmental restoration and rehabilitation, and social-economical sustainable development of the sand desert regions in China.
The book is organized into six chapters. The first chapter discusses the paleo-geographic outline of the Junggar
Basin and the paleo-geographic environment of the Gurbantünggüt Desert formation, and analyses changing
trends in climatic conditions of the Gurbantünggüt Desert, and describes the types and distribution of the main
sand dunes. The second chapter discusses the characteristics of the composition, spatial distribution and heterogeneity of sand grain sizes, and the spatial-temporal variation of mineral components and quartz morphology and
surface micro-texture, providing an in-depth analysis of the sources of sand materials for the desert. The third
chapter systemically studies the physical and chemical properties, distribution characteristics and spatial heterogeneity of eolian sandy soils. The fourth chapter discusses the ecological characteristics, eco-function and
eco-economic values of the desert vegetation. The fifth chapter, based on 3S technologies and landscape ecological theory, analyzes the changes in landscape pattern and the driving natural and human factors in pattern variation
over a recent 20 year period. The sixth chapter summarized practical experiences of recovery and rehabilitation of
the desert vegetation, providing countermeasures to protect the desert environment. The book provides an example for enriching the basic theories of the sand desert science in China, and the scientific basis for the natural resource utilization, wind-blown disaster prevention and environment protection of the sand deserts.
With plentiful contents and accurate data, this book provides a good reference for scientists, teachers, students
and managers who are engaged in research on geography, geology, climatology, landscape ecology, forestry, environmental protection and management in arid land.

